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Abstract
Results of two different nonlinear finite-element analyses and preliminary
static test results for the final design of the Controls-Structures Interaction
Evolutionary Model reflector are presented. Load-deflection data bases are
generated from analysis and testing of the 16-ft diameter, dish-shaped reflec-
tor, and natural frequencies and mode shapes are obtained from vibrational
analysis. Experimental and analytical results show similar trends; however,
future test hardware modifications and finite-element model refinement would
be necessary to obtain better correlation. The two nonlinear analysis ap-
proaches are both adequate techniques for the analysis of prestressed struc-
tures with complex geometry.
Introduction
Future space structures, such as the proposed
Space Station Freedom--which consists of a truss
structure with many appendages such as antennas
and motors--present new challenges to structure and
control-system design. The structural design require-
ment of low mass results in very flexible structures.
To be able to meet pointing-control requirements
in space, engineers need complete knowledge of the
static and dynamic characteristics of the structure.
New technology for ground testing and analysis to
characterize controlled flexible space structures is be-
ing developed and tested as described in references 1
and 2. Correlation of experimental and analytical
results leads to the refinement of the analytical mod-
els, which gives engineers more confidence in the an-
alytical predictions. The final goal is to be able to
characterize and design space structures by means of
analysis only or by means of analysis and testing of
individual components of the structure.
Langley Research Center recently conducted
closed-loop-control ground tests on the Controls-
Structures Interaction Evolutionary Model (CEM),
an experimental model that is generically similar to a
future space platform to be instrumented to monitor
the Earth's climate. Figure 1 shows the main compo-
nents of the CEM. Preliminary design, test, and anal-
ysis results are described in reference 2. As shown in
the figure, the Evolutionary Model consists primar-
ily of a flexible truss structure and an antenna-like
appendage called a reflector. The reflector, shown in
detail in figure 2, is an important dynamic compo-
nent of the global line-of-sight (LOS) pointing path.
To monitor the LOS pointing accuracy, a laser is
mounted on the vertical truss tower of the CEM, such
that the laser beam reflects upon the reflector mirror.
The laser-beam reflection is measured by a photo-
diode array above the reflector. This laser-reflector-
detector system allows the pointing accuracy of the
CEM to be measured and controlled. Because of the
complexity of the geometry of the reflector, and in an
effort to update the finite-element analytical model of
the whole structure, testing and analysis of that indi-
vidual component have been conducted. Reference 3
presents preliminary design, test, and analysis results
of the developmental model of the reflector. The
present paper describes the results obtained from the
finite-element analysis and static test for the final
design of the reflector and some preliminary results
from vibrational analysis. Nonlinear capabilities of
MSC/NASTRAN (ref. 4) were used to account for
large-displacements and pretensioning effects in the
finite-element analysis of the reflector; results were
compared with the nonlinear technique described in
reference 3.
Evolutionary Model Reflector
The CEM reflector (figs. 2 and 3) is a dish-shaped
structure 185.5 in. in diameter and 19.93 in. deep.
The main components are the ribs, hub, and sensor
plate. Each of the eight aluminum ribs is 0.25 in.
thick and 96 in. long and is tapered in width over
its length from 2 in. to 1 in. The ribs are oriented
at angles of 45 ° around the hub--a 3/8-in.-thick
aluminum plate, with a 4-in. inside diameter and
an 8-in. outside diameter. One end of the ribs is
attached to the hub, and the other end is connected
to each adjacent rib by a 1/32-in.-diameter steel
cable. Tensioning the cable by means of thumb
screws on each rib deforms the ribs to obtain the
desired shape of the reflector.
The sensor plate is a 1.5-in.-thick fiberglass-
honeycomb composite panel with a mirrored surface.
The top view of the reflector in figure 3 reveals the
octagonal shape of the reflector plate and the circu-
lar mirror on its center. Each corner of the octagonal
panel is attached to the ribs by swivel-head bolts to
prevent transmission of moments from the ribs to the








ically testedin two positions horizontally(fig. 5)
andinclined39.1° (fig.6). Theinclinedpositionis
thesameasfortheCEM. It was supported in the hor-
izontal position by a single 10-in. cubical truss bay
fixed at the bottom (fig. 5). The supporting struc-
ture for the inclined reflector test setup (fig. 6) was
the upper section of the truss tower; this tower con-
sisted of a tapered truss bay and one cubic bay that
was also fixed at its bottom. The truss members of
the cubical bays are aluminum tubes connected by
node-ball joints. A typical truss member and node-
ball joint are shown in figure 7. The vertical mem-
bers of the tapered bay are aluminum tubes, and the
diagonal and top members are aluminum structural
angles. Dynamic analyses were performed only in the
inclined position.
Finite-Element Models
The dish shape of the reflector is a result of the
deflection of the ribs caused by tensioning the cables.
Previous finite-elenmnt analysis of a preliminary re-
flector design (ref. 3) showed that small-deflection
nonlinear analysis can be used if the post-tensioned
geometry and compressive loads of a typical rib are
known. A model of a prestressed reflector follow-
ing this approach was created by using the MacNeal-
Schwendler Corp. MSC/NASTRAN. A second non-
linear analysis, which included MSC/NASTRAN
nonlinear analysis capabilities, was used to model
the large deflections of the reflector, starting from
its undeformed position, to obtain the correct geom-
etry and stiffness of the prestressed structure. The
only physical parameter needed for the analysis in
this case, other than material properties and basic
dimensions, is the tension in the cables for the fi-
nal configuration. Results from both analyses vcere
compared with test results.
In the finite-element models of the reflector, each
rib consists of 12 beam elements dimensioned accQrd-
ing to the tapered shape of the ribs. The cables
are modeled by using 1/32-in.-diameter rod elements
with material properties of steel wire. The hub is
modeled with 24 3/8-in.-thick triangular plate ele-
ments. Tile steel bolts connecting the ribs to the hub
are represented by 1/4-in.-diameter bar elements:
Due to the short length and high stiffness of the bolts
2
connecting the hub to the supporting structure, zero-
length scalar spring elements (1.5 x 108 lb/in.) for all
six degrees of freedom are used for each connector.
All support brackets and truss elements of the sup-
porting structure were modeled by using two-noded
CBAR elements.
The sensor plate is modeled by using 24 triangular
plate elements. Since the material properties of the
honeycomb: composite panel were unknown, an effec-
tive platc thickness of 0.408 in. was computed, and
the known material properties of the fiberglass sheets
were used as material properties for the equivalent
plate. The following equation was used to compute
the effective thickness teff of the composite panel:
-_- x b= 12
Therefore,
t5 =(ho-
where I is the area moment of inertia for a rectan-
: 4 :
gular cross-sectional element of the panel of length b
and height ho. (See fig. 8.) Honeycomb core thick-
ness is denoted by hi. The mirrored surface of the re-
flector plate was represented by a lumped mass at its
center. The swivel-head bolts connecting the sensor
plate to the ribs were modeled with CBAR clements,
and the rotational degree of freedom about the axis
passing through the eye of each bolt (see detail in
fig. 3) was left frce by using pin flags. Since CROD
elements only have torsional and axial stiffness, they
were also used to model the swivel-head bolts; re-
sults were compared with those obtained with CBAR
elements.
The input geometry of the undeformed rib for the
large-displacements nonlinear model should not be
represented by a horizontal line. A bifurcation would
exist and the ribs could deflect either up or down.
To ensure that the ribs would move in the correct
direction, the rib was represented by a straight line
that made a 6° angle with a horizontal line (fig. 9).
Analysis
The MSC/NASTRAN solution 64 employs an it-
erative procedure with a modified Newton-Raphson
approach to solve geometric nonlinear problems. The
large-displacements nonlinear analysis for the reflec-
tor involved two steps, which are summarized in fig-
urc 10. In the first step, the structure was preloaded
and shaped by applying a thermal load to the ca-
bles that was equivalent to the measured tension in
the cables on the shaped structure. Gravity effects
andtargetweightswerealsoincluded.Fifteeniter-
ationswererequiredfor forceconvergence,andthe





deckto restartfrom the last stressstatein step1.
Threeiterationswererequiredfor final convergence
in step2. Superimposingresultsfromsteps1 and2
gives the displacements that result from external
loading. These results are compared with small-
displacements nonlinear analysis and experimental
results.
Analysis with a prestressed reflector model, simi-
lar to the analysis described in reference 3, was also
performed by using solution 64; however, the geom-
etry input for the ribs was that of a deflected and
prestressed rib. Since there were no large deflec-
tions of the preshaped structure, the CBEAM ele-
ments were replaced by the easier to use CBAR el-
ements. The analysis consisted of the three steps
shown in figure 11. First, a thermal load equiva-
lent to the compressive preload is applied to the ribs,
which are completely restrained (ref. 3). A thermal
preload is also applied to the cables. The constraint
forces obtained in this step are the forces required to
maintain equilibrium when all degrees of freedom are
released in step 2. The second step is to release all
degrees of freedom, apply the computed constraint
forces, gravity load, and target weights to obtain the
final prestress state, which is equivalent to step 1
for the large-displacements nonlinear model. Step 3
involves the application of external loads. Results
from steps 2 and 3 are combined to obtain the final
displacements. For this case, each step ran indepen-
dently, no data base was required. Each step required
three iterations for convergence a linear static solu-
tion, a differential stiffness calculation, and one non-
linear iteration. Figure 9 shows the geometry of a
preloaded rib that results from small-displacements
nonlinear analysis and large-displacements nonlinear
analyses. Listings of the NASTRAN data decks for
both models are included in the appendix.
The analysis results seem very sensitive to dif-
ferent models of swivel-head bolts. Changing the
swivel bolt element from CBAR with pin flags to
CROD greatly reduces the stiffness of the ribs and
smooths the stress distribution along the ribs. Fig-
ure 12 shows the deformation of one of the ribs under
gravity and target weight for the small-displacements
analysis with two different connector models. Sig-
nificant changes occur in the axial-force distribution
along the ribs for the large-displacements nonlinear
model. (See table 1.)
Vibrational analysis was also performed by us-
ing the data bases generated for the final prestressed
states for both the small-displacements and the large-
displacements nonlinear analytical models of the re-
flector in its inclined position. Mode shapes and
frequencies were computed for modes below 10 Hz.
Correlation of Static Tests With
Analysis
Static tests of the reflector on its horizontal and
inclined configurations were conducted to obtain
load-deflection characteristics for comparison with
analytical results. Four of the eight reflector ribs,
numbered as shown in figure 3, were instrumented
with target plates and proximity probes to measure
rib-tip and plate-end displacements. Loads were ap-
plied at specific locations on the ribs and plate ends
to provide the required symmetric or unsymmetric
loading condition. Loads were applied and removed
in step increments. Table 2 summarizes the load-
ing cycles that were conducted to obtain the data
base for this investigation; figure 13 shows the de-
tails of the target and weight configurations. Output
data from the proximity probes were displayed on
voltmeters and were recorded manually.
Load-deflection plots for each loading condi-
tion described in table 2 were generated from the
test data for comparison with load-deflection plots
generated from large-displacements nonlinear and
small-displacements nonlinear analyses. Symmetric
and asymmetric stiffness characteristics of the reflec-
tor ribs for test and analysis of the reflector on its
inclined position are shown in figure 14. Both sets
of data indicate that the load deflections are linear
during load-application and load-relief cycles; there
is good correlation between small-displacements and
large-displacements nonlinear analysis results. As
explained subsequently in this section, correlation
between experimental and analytical results is ac-
ceptable, considering possible errors in experimen-
tal measurements. Similar plots were generated that
described load-deflection characteristics of the reflec-
tor in its horizontal position when loads were applied
at the sensor-plate ends. Experimental and analyti-
cal results obtained from symmetric and asymmetric
loading of the plate ends are shown in figure 15. For
this set of data, because of the symmetry of the struc-
ture, all the measured and generated displacement
data obtained for each of the four locations on the
sensor plate were combined and curve fitted. Exper-
imental data show hysteresis losses during the load-














alytical resultsin sometestsincreasewith increas-
ing loadand deflection.Thesediscrepanciesmay
be causedby the waythe target-plateassemblyis
attachedto the ribs. Beforeany loadsareapplied
to the ribsor plateends,the targetplatesareper-
pendicularto the proximityprobes.Whenthe ribs
arcdisplacedby the appliedload,thetarget,plates,
whicharefixedto theribs, followthe rib displace-
ment;therib displacementincludesrotation. In its
final position,the targetplate is at ananglewith
the proximityprobe. Therefore,the measuredver-
tical displacementis not theverticalcomponentof
the displacementvectorof the point of intereston
therib. Theerrorisa functionof thehorizontaldis-












earanalysis,are listed in table 4. Corresponding
mode shapes are shown in figure 16 for the larga-
displacements nonlinear model. The cigenvalues and
mode shapes obtained from the two analytical models
show close agreement.
The first global mode shape identified, mode 4,
exhibits a rocking motion of the reflector about
the hub. Mode 9, the second global mode, in-
volves torsion of the reflector around the hub cen-
ter. Modes 1 to 3 and 6 to 8 are different combina-
tions of first bending modes of the individual ribs.
Second rib bending modes are in mode 10. Many
of the mode shapes are similar and have similar
frequencies because of the symmetry of the structure.
Frequency-response functions for random exci-
tation at rib 2 were also generated by using the
NASTRAN models. The plot in figure 17 shows a
typical frequency-response function (FRF) taken in
the vertical plane for rib 2. The point of excitation
was the connection between the rib and sensor plate,
and the measurement was taken 2.5 ft along the rib
from the connector. The two analytical models show
similar results.
Concluding Remarks
Two different nonlinear finite-element models for
the final design of the Controls-Structures Inter-
action Evolutionary Model (CEM) reflector were de-
veloped and load-deflection data bases were gen-
erated for comparison with experimental results.
Static tests to obtain load-deflection characteristics
of the Controls-Structures Interaction (CSI) Evolu-
tionary Model reflector were conducted. Limited vi-
brational analysis was also conducted, and prelimi-
nary system modes were computed for future system
identification.
Excellent agreement between small-displacements
and large-displacements nonlinear models for the re-
flector has bccn demonstrated. The modeling tech-
niques described could be used in future applications
involving the analysis of prestressed structures with
complex geometry. The small-displacements nonlin-
ear analysis approach works well for the analysis of
prestressed structures where both the shape and the
preload are known. During the design stage, the
large-displacements nonlinear analysis approach can
be used to design shape and prestress simultaneously.
Analytical and experimental results follow simi-
lar trends, but there are some discrepancies. These
discrepancies may be reduced by modifying the dis-
p!acement measurement hardware and by incorpo-
rating composite material data for the sensor plate
into the finite-element models. Nlrther refinement of
the swivel-head bolt model is also warranted.











































































RUNSTREAM OF NONLINEAR MODEL,REFLECTOR IN HORIZONTAL POSITION, STEP 1
NASTRAN FILES= (DB01)





$ CASE CONTROL DECK FOLLOWS
$
TITLE = REFLECTOR WITH TAPERED RIBS, NONLTNEAR PRELOAD RUN, STEP 1
ECHO = SORT
SPC - 1
LOAD=I00 $ GRAVITY AND TARGET WEIGHTS
TEMP (LOAD)=13 $ THERMAL LOAD ON CABLES
SUBCASE 1


























AXES Y, X, Z
VIEW 0.0,0.0,0.0
PTITLE=NONLINEAR STATIC ANALYSIS OF HORIZONTAL REFLECTOR
FIND SCALE,ORIGIN 30,SET 30
PLOT STATIC DEFORMATION 0,15,SET 30,ORIGIN 30




GRAV 200 0 386. 0.0 0.0 -I.0
LOAD, 100, 1. , I. , 60, 1 . , 200






































































































FORCE, 60, 2706, 0, .3, 0., 0., -I.
FORCE, 60,2806,0, .3,0.,0.,-I.










$ GRID POINTS - RIBS GEOMETRY
.E+06
$ SKIP DIFFERENTIAL STIFFNESS CALCULATIONS
0.0 0.0 0.0 0.0
0.0 5.0
GRID 2001 4 96.00
GRID 2002 4 82.11
GRID 2003 4 71.79
GRID 2004 4 59.66
GRID 2005 4 47.83
GRID 2006 4 35.75
GRID 2007 4 35.35
GRID 2008 4 26.5
GRID 2009 4 17.25
GRID 2010 4 8.0
GRID 2011 4 4.625
GRID 2012 4 8.0
GRID 2013 4 4.625
$
GRID 2014 4 96.00
GRID 2015 4 82.11
GRID 2016 4 71.79
GRID 2017 4 59.66
GRID 2018 4 47.83
GRID 2019 4 35.75
GRID 2020 4 35.35
GRID 2021 4 26.5
GRID 2022 4 17.25
GRID 2023 4 8.0
GRID 2024 4 4.625
GRID 2025 4 8.0
GRID 2026 4 4.625
$
GRID 2027 4 96.00
GRID 2028 4 82.11
GRID 2029 4 71.79
GRID 2030 4 59.66
GRID 2031 4 47.83
GRID 2032 4 35.75
GRID 2033 4 35.35
GRID 2034 4 26.5
GRID 2035 4 17.25
GRID 2036 4 8.0
GRID 2037 4 4.625
GRID 2038 4 8.0
GRID 2039 4 4.625
$
GRID 2040 4 96.00
GRID 2041 4 82.11
GRID 2042 4 71.79
GRID 2043 4 59.66
GRID 2044 4 47.83
GRID 2045 4 35.75
GRID 2046 4 35.35
GRID 2047 4 26.5
GRID 2048 4 17.25
GRID 2049 4 8.0
GRID 2050 4 4.625
GRID 2051 4 8.0
GRID 2052 4 4.625
$
GRID 2053 4 96.00
GRID 2054 4 82.11
GRID 2055 4 71.79
GRID 2056 4 59.66









































































































































4 35.75 202.5 1.8572
4 35.35 202.5 2.4375
4 26.5 202.5 .8572
4 17.25 202.5 .3572
4 8.0 202.5 .3125
4 4.625 202.5 .3125
4 8.0 202.5 0.0
4 4.625 202.5 0.0
4 96.00 247.5 8.3705
4 82.11 247.5 6.8685
4 71.79 247.5 5.7535
4 59.66 247.5 4 4415
4 47.83 247.5 3 1635
4 35.75 247.5 1 8572
4 35.35 247.5 2 4375
4 26.5 247.5 8572
4 17.25 247.5 3572
4 8.0 247.5 .3125
4 4.625 247.5 .3125
4 8.0 247.5 0.0
4 4.625 247.5 0.0
4 96.00 292.5 8.3705
4 82.11 292.5 6.8685
4 71.79 292.5 5.7535
4 59.66 292.5 4.4415
4 47.83 292.5 3.1635
4 35.75 292.5 1.8572
4 35.35 292.5 2.4375
4 26.5 292.5 .8572
4 17.25 292.5 .3572
4 8.0 292.5 .3125
4 4.625 292.5 .3125
4 8.0 292.5 0.0















4 8.5 0.0 0.0
4 7.07 45.0 0.0
4 8.50 90.0 0.0
4 7.07 135.0 0.0
4 8.50 180.0 0.0
4 7.07 225.0 0.0
4 8.50 270.0 0.0
4 7.07 315.0 0.0
4 8.5 0.0 2.4375
4 8.5 90.0 2.4375
4 8.5 180.0 2.4375
4 8.5 270.0 2.4375
4 7.0711 45 0 -.8125
4 7.0711 -45 0 -.8125
4 7.0711 135 0 -.8125
4 7.0711 -135 0 -.8125
4 7.0711 45 0 -10.812
4 7.0711 -45 0 -10.812
4 7.0711 135.0 -10.812
4 7.0711 -135.0 -10.812
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237 $ CONSTRAINT POINTS, BAY BOTTOM
238 SPCI 1 123456 313
239 SPCI 1 123456 314
240 SPCI 1 123456 402
241 SPCI 1 123456 403
242 $ RIBS ELEMENTS
243 CBEAM 1 1 2001
244 CBEAM 2 1 2014
245 CBEAM 3 1 2027
246 CBEAM 4 1 2040
247 CBEAM 5 1 2053
248 CBEAM 6 1 2066
249 CBEAM 7 1 2079
250 CBEAM 8 1 2092
251 $
252 CBEAM 9 2 2002
253 CBEAM I0 2 2015
254 CBEAM II 2 2028
255 CBEAM 12 2 2041
256 CBEAM 13 2 2054
257 CBEAM 14 2 2067
258 CBEAM 15 2 2080
259 CBEAM 16 2 2093
260 $
261 CBEAM 17 3 2003
262 CBE_ 18 3 2016
263 CBEAM 19 3 2029
264 CBEAM 20 3 2042
265 CBZAM 21 3 2055
266 CBZAM 22 3 2068
267 CBEAM 23 3 2081
268 CBEAM 24 3 2094
269 $
270 CBEAM 25 4 2004
271 CBEAM 26 4 2017
272 CBEAM 27 4 2030
273 CBEAM 28 4 2043
274 CBEAM 29 4 2056
275 CBEAM 30 4 2069
276 CREAM 31 4 2082
277 CREAM 32 4 2095
278 $
279 CBEAM 33 5 2005
280 CREAM 34 5 2018
281 CBEAM 35 5 2031
282 CBEAM 36 5 2044
283 CBEAM 37 5 2057
284 CBEAM 38 5 2070
285 CBEAM 39 5 2083
286 CBEAM 40 5 2096
287 $
288 CREAM 41 6 2006
289 CBEAM 42 6 2019
290 CBEAM 43 6 2032
291 CBEAM 44 6 2045
292 CBEAM 45 6 2058



















































































































































































































































































































47 6 2084 2086 0.0 0.0 1.00
48 6 2097 2099 0.0 0.0 1.00
49 6 2008 2009 0.0 0.0 1.00
50 6 2021 2022 0.0 0.0 1.00
51 6 2034 2035 0.0 0.0 1.00
52 6 2047 2048 0.0 0.0 1.00
53 6 2060 2061 0.0 0.0 1.00
54 6 2073 2074 0.0 0.0 1.00
55 6 2086 2087 0.0 0.0 1.00
56 6 2099 2100 0.0 0.0 1.00
57 6 2009 2010
58 6 2022 2023
59 6 2035 2036
60 6 2048 2049
61 6 2061 2062
62 6 2074 2075
63 6 2087 2088

























65 6 2010 2011 0.0 0.0 1.00
66 6 2023 2024 0.0 0.0 1.00
67 6 2036 2037 0.0 0.0 1.00
68 6 2049 2050 0.0 0.0 1.00
69 6 2062 2063 0.0 0.0 1.00
70 6 2075 2076 0.0 0.0 1.00
71 6 2088 2089 0.0 0.0 1.00


















$ START CONNECTOR BOLTS - RIBS TO HUB
CBAR 73 8 2010 2012 2062
CBAR 74 8 2023 2025 2075
CBAR 75 8 2036 2038 2088
CBAR 76 8 2049 2051 2101
CBAR 77 8 2062 2064 2010
CBAR 78 8 2075 2077 2023
CBAR 79 8 2088 2090 2036
CBAR 80 8 2101 2103 2049
CBAR 81 8 2011 2013 2063
CBAR 82 8 2024 2026 2076
CBAR 83 8 2037 2039 2089
CBAR 84 8 2050 2052 2102
CBAR 85 8 2063 2065 2011
CBAR 86 8 2076 2078 2024
CBAR 87 8 2089 2091 2037
CBAR 88 8 2102 2104 2050





























































































$ START COMPRESSION MEMBERS BETWEEN HUB AND SENSOR
CBAR 97 14 2110 2119 1.0
CBAR 98 14 2112 2120 1.0
CBAR 99 14 2114 2121 1.0
CBAR I00 14 2116 2122 1.0
$ START TENSION CABLE AT TIP oF RIBS
CROD i01 7 2001 2014
CROD 102 7 2014 2027
CROD 103 7 2027 2040
CROD 104 7 2040 2053
CROD 105 7 2053 2066
CROD 106 7 2066 2079
CROD 107 7 2079 2092
CROD 108 7 2092 2001
$ TRUSS BAY
CBAR 105 12 404 405 1.0
CBAR 106 12 405 316 1.0
CBAR 107 12 315 316 1.0
CBAR 108 13 315 405 1.0
CBAR 109 12 315 404 1.0
CBAR Ii0 12 402 404 1.0
CBAR IIi 12 403 405 1.0
CBAR 112 12 313 315 1.0
CBAR 113 12 314 316 1.0
CBAR 114 12 402 403 1.0
CBAR 115 12 403 314 1.0
CBAR 116 12 314 313 1.0
CBAR 117 12 313 402 1.0
CBAR 118 13 402 405 1.0
CBAR 119 13 313 404 1.0
CBAR 120 13 314 315 1.0
CBAR 121 13 403 316 1.0
CBAR 122 13 314 402 1.0 1.0
























CELAS2 123 1.5E+08 315 1 2111 1
CELAS2 124 1.5E+08 315 2 2111 2
CELAS2 125 1.5E+08 315 3 2111 3
CELAS2 126 1.5E+08 315 4 2111 4
CELAS2 127 1.5E+08 315 5 2111 5
CELAS2 128 1.5E+08 315 6 2111 6
CELAS2 129 1.5E+08 316 1 2117 1
CELAS2 130 1.5E+08 316 2 2117 2
CELAS2 131 1.5E+08 316 3 2117 3
CELAS2 132 1.5E+08 316 4 2117 4
CELAS2 133 1.5E+08 316 5 2117 5
CELAS2 134 1.5E+08 316 6 2117 6
CELAS2 135 1.5E+08 404 1 2113 1
CELAS2 136 1.5E+08 404 2 2113 2
CELAS2 137 1.5E+08 404 3 2113 3
CELAS2 138 1.5E+08 404 4 2113 4
CELAS2 139 1.5E+08 404 5 2113 5
CELAS2 140 1.5E+08 404 6 2113 6
CELAS2 141 1.5E+08 405 1 2115 1
CELAS2 142 1.5E+08 405 2 21i5 2
CELAS2 143 1.5E+08 405 3 2115 3
CELAS2 144 1.5E+08 405 4 2115 4
CELAS2 145 I.SE+0S 405 5 2115 5
CELAS2 146 1.5E+08 405 6 2115 6
$ LUMP MASS AT RIB kIPS
CONM2 205 2001 4 .000259
CONM2 206 2014 4 .000259
CONM2 207 2027 4 .000259
CONM2 208 2040 4 .000259
CONM2 209 2053 4 .000259
CONM2 210 2066 4 .000259
CONM2 211 2079 4 .000259
CONM2 212 2092 4 .000259






































































CONM2 213 402 4 .00142
CONM2 214 403 4 .00106
CONM2 215 404 4 .00124
CONM2 216 405 4 .00124
CONM2 217 313 4 .00124
CONM2 218 314 4 .00142
CONM2 219 315 4 .00124
CONM2 220 316 4 .00106
$ MIRROR LUMP MASS
CONM2 221 2106 4 .049223
+ON 6.795 6.795
$ SENSOR PLATE AND HUB ELEMENTS
CTRIA3 229 ii 2104 2013
CTRIA3 230 11 2026 2039
CTRIA3 231 11 2052 2065
CTRIA3 232 11 2078 2091
CQUAD4 261 10 2007 2020
CTRIA3 233 11 2012 2111
CTRIA3 234 11 2111 2025
CTRIA3 235 11 2038 2113
CTRIA3 236 ii 2113 2051
CQUAD4 262 i0 2033 2046
CTRIA3 237 ii 2064 2115
CTRIA3 238 Ii 2115 2077
CTRIA3 239 II 2090 2117
CTRIA3 240 11 2117 2103
CQUAD4 263 i0 2059 2072
CTRIA3 241 11 2013 2026
CTRIA3 242 Ii 2039 2052
CTRIA3 243 II 2065 2078
CTRIA3 244 ii 2091 2104
CQUAD4 264 i0 2085 2098
CTRIA3 245 11 2110 2012
CTRIA3 246 11 2025 2112
CTRIA3 247 II 2112 2038
CTRIA3 248 11 2051 2114
CTRIA3 249 II 2114 2064
CTRIA3 250 11 2077 2116
CTRIA3 251 ii 2116 2090
CTRIA3 252 Ii 2103 2110
CTRIA3 253 10 2007 2119
CTRIA3 254 i0 2033 21i0
CTRIA3 255 I0 2059 2121
CTRIA3 256 I0 2085 2122
CTRIA3 257 i0 2119 2106
CTRIA3 258 I0 2120 2106
CTRIA3 259 I0 2121 2106




PBEAM * 1 1
• PBI .0325186667 0.0
PBEAM * 2 1
• PB5 .0512578125 0.0
PBEAM * 3 1
• PB9 .0754974720 0.0
PBEAM * 4 1
• PBI3 .106009333 0.0
PBEAM * 5 1
• PBI7 .145163979 0.0
PBEAM * 6 1
• PB21 .166666667 0.0





$ SENSOR PLATE TO RIBS CONNECTORS
PBAR * 9 3
• PB29 .639711713E-04 .000127942343
$ TRUSS BAY
PBAR 12 ii .12316 .0042
























































$ COMPRESSION MEMBERS BETWEEN HUB AND SENSOR PLATE













































PROD 7 2 .000767 .00 .00
$ SENSOR PLATE
PSHELL I0 4 0.40807 4
$ HUB
pSHELL II 5 .375 5
$ MATERIAL CARDS
$ RIBS
MAT1 * 1 1.0E+07 .375093773E+07
• MAT1 .0002539 0.0
$ cABLEs
MAT1 * 2 3.0E+07 .I15384615E+08
• MAT3 .0004585 -2.535E-06
$ RIB TO HUB CONNECTORS
MAT1 * 3 .30E+08 .I15384615E+08
• MAT5 .0007332
$ SENSOR PLATE
MAT1 * 4 .65E+07 .25E+07
• MAT7 .0000512
$ HUB
MAT1 * 5 .10E+08 .375093773E+07
• MAT9 .0002751
$ TRUSS BAY
MAT1 ii I.E+07 .3332.19E-04 0.


























































































NONLINEAR ANALYSIS STEP 2, RESTART FROM LAST ITERATION IN STEP 1
$ REFLECTOR ON ITS HORIZONTAL POSITION
NASTRAN FILES= (DE01)




$ CASE CONTROL DECK FOLLOWS
TITLE=REFLECTOR WITH TAPERED RIBS, HORIZONTAL POSITION
SPC=I $ CONSTRAINTS
















































SET 1 INCLUDE ALL
PTITLE=NL ANALYSIS - SEMI-PRESHAPED REFLECTOR
FIND ORIGIN 1,SET 1
VIEW 180.0,0.0,0.0
PLOT SET 1,ORIGIN 1, SHAPE
PLOT STATIC DEFORMATION, SET 1,ORIGIN 1,SHAPE
PLOT STATIC DEFORMATION 0,SET 1,ORIGIN 1, SYMBOLS 1
$ BULK DATA FOLLOWS
BEGIN BULK





























































FORCE, 62, 2806, 0, .3, 0., 0., -1.
FORCE, 62, 2906, 0, .3, 0., 0. ,-i.
GRAV, 200, 0,386., 0.0, 0.0, -i.
LOAD, I00, i., I., 200, I., 60, I., 62
PARAM, COUPMASS, 1
PARAM, DLOAD, - 1
PARAM, GRDPNT, 0
















































































RUNSTREAM OF PRESTRESS MODEL OF INCLINED REFLECTOR , STEP 2








$ Start Case Control Deck
TITLE = INCLINED REFLECTOR, PRESTRESS MODEL, STEP 1
ECHO s SORT
LINE = 35
SET 20 = 2001 THRU 2072, 2101 THRU 2108, 2157 thru 2176
SPC = i00 $ Constraints
LOAD=262 $ Applied loads
TEMP (LOAD)=13 $ Thermal load on cables
SUBCASE 1
LABEL= LINEAR STATIC SOLUTION
SUBCASE 2










PLOT STATIC DEFORMATION, 3, SET 30,ORIGIN 30
PLOT STATIC DEFORMATION 0,3,SET 30,ORIGIN 30
BEGIN BULK
CORD2C 3 0 615.00 0.00000 56.110
+CS 3 645.60 0.00000 80.885





SPCI, i00, 123456, 261
SPCI, I00, 123456, 262
SPCI, i00, 123456, 263
SPCI, I00, 123456, 264
GRAV 200 0 386. 0. 0. -I.
$ TARGET WEIGHTS
FORCE, 60, 2201, 0, .4, 0., 0., -i.
FORCE, 60,2206, 0, .3, 0., 0., -I.
FORCE, 60,2301, 0, . 4, 0., O., -I.
FORCE, 60, 2306, 0, .3, 0., 0., -I.
FORCE, 60, 2401, 0, .4, 0., 0., -I.
FORCE, 60, 2406, 0, .3, 0., 0., -I.
FORCE, 60, 2501, 0, .4, 0., 0. ,-I.
FORCE, 60, 2506, 0, .3, 0., 0., -I.
FORCE, 60, 2601, 0, . 4, 0., 0., -i.
FORCE, 60,2606, 0, .3, 0., 0. ,-I
FORCE, 60, 2701, 0, . 4, 0., 0 , -I
FORCE, 60,2706, 0, .3, 0., 0 , -I
FORCE, 60,2801, 0, . 4, 0., 0 ,-I
FORCE, 60,2806, 0, .3, 0., 0 ,-I
FORCE, 60,2901, 0, .4, 0., 0 , ~I
FORCE, 60,2906, 0, .3, 0., 0 ,-I
$ EXTERNAL APPLIED FORCE AT THE RIBS
FORCE, 63, 2002, 0, .5, 0., 0 ,-i
FORCE, 63,2015,0, .5,0.,0 ,-i
FORCE, 63,2028, 0, .5,0. , 0 , -I
FORCE, 63, 2041, 0, .5, 0., 0 , -I
FORCE, 63,2054, 0, .5, 0., 0 ,-I
FORCE, 63,2067, 0, . 5,0., 0 , -I
FORCE, 63, 2080, 0, .5,0., 0 ,-i
FORCE, 63,2093, 0, . 5,0., 0 ,-I
TEMPD, 13,235.8















































































































































































































































































-0 00002 0 ,I.,0.
1 20939 0 ,0.,i.
-i 79837 1 ,0.,0.
0 00003 0 ,I.,0.
0 61360 0 ,0.,I.
-0 93170 1 ,0.,0
-0 00001 0 ,I.,0














































































































































































































2037, 3, -0.00002,0. 0.,i
2040, 3, 1.39074,1. 0.,0
2040, 3, 0.00004,0. i.,0
2040, 3, -3.99126,0. 0.,I
2041, 3, -1.65445,1. 0.,0
2041, 3, 0.00000,0. I.,0
FORCE 62, 2041, 3, -0.26565,0
FORCE 62, 2042, 3, -1.68627,1
FORCE 62, 2042, 3, 0.00000,0
FORCE 62, 2042, 3, -0.03627,0
FORCE 62, 2043, 3, -0.35103,1
FORCE 62, 2043, 3, 0.00003,0
FORCE 62, 2043, 3, 1.20951,0
FORCE 62, 2044, 3, -1.79834,1
FORCE 62, 2044, 3, 0.00000,0
FORCE 62, 2044, 3, 0.61349,0
FORCE 62, 2045, 3, -0.93171, I
FORCE 62, 2045, 3, 0.00002,0
FORCE 62, 2045, 3, 1.04999,0
FORCE 62, 2047, 3, -0.07452,1
FORCE 62, 2047, 3, 0.00001,0

















FORCE 62, 2048, 3, -0.02486,1.
FORCE 62, 2048, 3, 0.00001,0.
FORCE 62, 2048, 3, 0.84476,0.
FORCE 62, 2049, 3, -0.00020, I
FORCE 62, 2049, 3, -0.00001,0
FORCE 62, 2049, 3, 0.08306,0
FORCE 62, 2050, 3, 17.18982,1
FORCE 62, 2050, 3, -0.00001,0
FORCE 62, 2050, 3, -0.00001,0
FORCE 62, 2053, 3, 1.39074,1
FORCE 62, 2053, 3, -0.00004,0


























2054, 3, -1.65445 1
2054, 3, -0.00001 0
2054, 3, -0.26565 0
2055, 3, -1.68627 1
2055, 3, 0.00000 0
2055, 3, -0.03627 0
2056, 3, -0.35103 1





























































































































































2063, 3, 0 00001,0.,1.,0.
2063, 3, -0 00001,0.,0.,i.
2066, 3, 1 39075,1.,0.,0
2066, 3, -0 00003,0.,1.,0
2066, 3, -3 99124,0.,0.,i
2067, 3, -i 65446,1.,0.,0
2067, 3, -0.00004,0.,i.,0
2067, 3, -0.26560,0. 0.,i
2068, 3, -1.68623,1. 0.,0
FORCE 62, 2068, 3, 0.00001,0.
FORCE 62, 2068, 3, -0.03637,0.
FORCE 62, 2069, 3, -0.35099, I.
FORCE 62, 2069, 3, 0.00011,0.
FORCE 62, 2069, 3, 1.20940,0.
FORCE 62, 2070, 3, -1.79834,1.











































FORCE 62, 2075, 3, 0.08311 0.,0. i.
FORCE 62, 2076, 3, 17.18982 i.,0.,0.
FORCE 62, 2076, 3, -0.00002 0.,I.,0
FORCE 62, 2076, 3, 0.00000 0.,0.,I
FORCE 62, 2079, 3, 1.39068 I.,0.,0
FORCE 62, 2079, 3, -0.00016,0.,I.,0
FORCE 62, 2079, 3, -3.99112,0.,0.,I
FORCE 62, 2080, 3, -1.65447,1.,0.,0
FORCE 62, 2080, 3, -0.00003,0.,i.,0.
FORCE 62, 2080, 3, -0.26559,0.,0.,I.
FORCE 62, 2081, 3, -1.68624,1.,0.,0.
FORCE 62, 2081, 3, 0.00001,0.,1.,0.
FORCE 62, 2081, 3, -0.03636,0.,0. 1.
FORCE 62, 2082, 3, -0.35102,1.,0..0.
FORCE 62, 2082, 3, -0.00001 0.,I. 0.
FORCE 62, 2082, 3, 1.20948 0.,0. i.
FORCE 62, 2083, 3, -1.79834 I.,0. 0.
FORCE 62, 2083, 3, 0.00003 0.,i. 0.




























2084, 3, -0.93169 I.,0. 0.
2084, 3, 0.00005 0.,I. 0.
2084, 3, 1.04991 0.,0.,i.
2086, 3, -0.07452 I.,0.,0.




































































































FORCE 62, 2096, 3, -1.79836,1.s0.,0.
FORCE 62, 2096, 3, -0.0000310._I.,0.
FORCE 62, 2096, 3, 0.61358,0.,0.,i.
FORCE 62, 2097, 3, -0.93170, I.,0.,0.
FORCE 62, 2097, 3, 0.00001,0.,I., 0.
FORCE 62, 2097, 3, 1.04994,0.,0.,1.
FORCE 62, 2099, 3, -0.07452,1.,0.,0.
FORCE 62, 2099, 3, 0.00002,0.,I.,0.
FORCE 62, 2099, 3, 0.91970,0.,0.,i.
FORCE 62, 2100, 3, -0.02486,1.,0.,0.
FORCE 62, 2100, 3, -0.00004,0.,i.,0.
FORCE 62, 2100, 3, 0.84485,0.,0.,1.
FORCE 62, 2101, 3, -0.00020,i.,0.,0.
FORCE 62, 2101, 3, 0.00002,0.,I.,0.
FORCE 62, 2101, 3, 0.08302,0.,0.,i.
FORCE 62, 2102, 3, 17.18982,1.,0.,0.
FORCE 62, 2102, 3, 0.00001,0.,1.,0.
FORCE 62, 2102, 3, 0.00001,0.,0.,i.
FORCE 62, 2123, 3, -1.49813,1.,0.,0.
FORCE 62, 2123, 3, 0.00000,0.,I.,0.
FORCE 62, 2123, 3, -0.50658,0.,0.,1.
FORCE 62, 2124, 3, -1.49811,1.,0.,0.
FORCE 62, 2124, 3, -0.00002,0.,I.,0.
FORCE 62, 2124, 3, -0.50664,0.,0.,I.
FORCE 62, 2125, 3, -1.49814,1. 0.,0.
FORCE 62, 2125, 3, 0.00009,0. i.,0.
FORCE 62, 2125, 3, -0.50655,0. 0.,I.
FORCE 62, 2126, 3, -1.49809,1. 0.,0.
FORCE 62, 2126, 3, -0.00003,0. I.,0.
FORCE 62, 2126, 3, -0.50670,0. 0.,i.
FORCE 62, 2127, 3, -1.49809,1. 0.,0.
FORCE 62, 2127, 3, 0.00003,0. i.,0.
FORCE 62, 2127, 3, -0.50670,0. 0.,i.
FORCE 62, 2128, 3, -1.49814,1. 0.,0.
FORCE 62, 2128, 3, -0.00009,0. I.,0.
FORCE 62, 2128, 3, -0.50655,0. 0.,I.
FORCE 62, 2129, 3, -1.49811, I. 0.,0.
FORCE 62, 2129, 3, 0.00001,0. i.,0.
FORCE 62, 2129, 3, -0.50665,0. 0.,i.
FORCE 62, 2130, 3, -1.49813,1. 0.,0.
FORCE 62, 2130, 3, 0.00000,0. i.,0.
FORCE 62, 2130, 3, -0.50658,0. 0.,i.
FORCE 62, 2201, 3, -0.03391,1. 0.,0.
FORCE 62, 2201, 3, 0.00007,0. I.,0.
FORCE 62, 2201, 3, 0.07853,0. 0.,I.
FORCE 62, 2206, 3, -0.00016,1. 0.,0.
FORCE 62, 2206, 3, 0.00000,0. i.,0.
FORCE 62, 2206, 3, 0.00089,0.,0.,I.
FORCE 62, 2301, 3, -0.03388,1.,0.,0.
FORCE 62, 2301, 3, 0.00002,0.,i.,0.























































































































































































































































































































































































































































































































GRID, 2057, 3, 47.2500
GRID, 2058, 3, 35.7500
GRID, 2059, 3, 35.3500





GRID, 2065, 3, 4.6000
GRID, 2066, 3, 92.6563
GRID, 2067, 3, 79.8800
GRID, 2068, 3, 70.2500
GRID, 2069, 3, 58.7500
GRID, 2070, 3, 47.2500
GRID, 2071, 3, 35.7500
GRID, 2072, 3, 35.3500
GRID, 2073, 3, 26 5000
GRID, 2074, 3, 17 2500
GRID, 2075, 3, 8 0000
GRID, 2076, 3, 4 6000
GRID,2077, 3, 8 0000
GRID,2078 3, 4 6000
GRID,2079 3, 92 6563
GRID 2045, 3, 35.7500 157.5000




































































































GRID, 2117, 3, 7.3910
GRID, 2118, 3, 8.1500






































































































































































































































CBAR, 967,12, 261, 265,1.,I.,0.
CBAR, 968,12, 262, 266,1.,I.,0.
CBAR, 969,12, 263, 267,1.,I.,0.
CBAR, 970,12, 264, 268,1.,1.,0.
$ RFL TRUSS BATTENS
CBAR, 979, 2, 261, 262,1.,0.,i.
CBAR, 980, 2, 262, 263,1.,0.,i.
CBAR, 981, 2, 263, 264,1.,0.,I.
CBAR, 982, 2, 264, 261, I.,0.,I.
CBAR, 983, 2, 265, 266,1.,0.,1.
CBAR, 984, 2, 266, 267,1.,0.,I.
CBAR, 985, 2, 267, 268,1.,0.,I.
CBAR, 986, 2, 268, 265,1.,0.,I.
$ RFL TRUSS BATTEN DIAGONALS
CBAR, 989, 3, 261, 263,1.,0.,1.
CBAR, 990, 3, 266, 268,1.,0.,I.
$ rfl truss dlagonals
CBAR, 991, 3,263,266, 0., i., i.
CBAR, 992, 3,261,268,0., I., i.
CBAR, 993, 3,262,265, I., 0., I.
CBAR, 994, 3,264,267, I., 0., I.
$ START REFI_CTOR EID'S







































































































































































































































































































































































































































































$ START COMPRESSION MEMBERS BETWEEN REFLECTOR PLATE AND HUB,
CBAR, 2097,30,2107,2115,1.,1.,0.
CBAR, 2098,30,2109,2117,1.,1.,0.
CBAR, 2099, 30, 2111, 2119,1.,1.,0.
CHAR, 2100,30, 2113,2121, i. , 1. , 0 .
$ CABLES
CROD, 2101, 22, 2001, 2014
CROD, 2102, 22, 2014, 2027
CROD, 2103, 22, 2027, 2040
CROD, 2104, 22, 2040, 2053
CROD, 2105, 22, 2053, 2066
CROD, 2106, 22, 2066, 2079
CROD, 2107, 22, 2079, 2092
CROD, 2108, 22, 2092, 2001
$ REFLECTOR PLATE AND HUB
CTRIA3 2109 26 2107 2012 2013 0.
CTRIA3 2110 26 2012 2108 2013 0.
CTRIA3 2111 26 2108 2025 2026 0.
CTRIA3 2112 26 2025 2109 2026 0.
CTRIA3 2113 26 2109 2038 2039 0.
CTRIA3 2114 26 2038 2110 2039 0.
CTRIA3 2115 26 2110 2051 2052 0.
CTRIA3 2116 26 2051 2111 2052 0.
CTRIA3 2117 26 2111 2064 2065 0.
CTRIA3 2118 26 2064 2112 2065 0.
CTRIA3 2119 26 2112 2077 2078 0.
CTR_A3 2120 26 2077 2113 2078 0.
CTRIA3 2121 26 2113 2090 2091 0.
CTRIA3 2122 26 2090 2114 2091 0.
CTRIA3 2123 26 2114 2103 2104 0.
CTRIA3 2124 26 2103 2107 2104 0.
CTRIA3 2125 26 2104 2013 2107 0.
CTRIA3 2126 26 2013 2026 2108 0.
CTRIA3 2127 26 2026 2039 2109 0.
CTRIA3 2128 26 2039 2052 2110 0.
CTRIA3 2129 26 2052 2065 2111 0.
CTRIA3 2130 26 2065 2078 2112 0.
CTRIA3 2131 26 2078 2091 2113 0.













































































CTRIA3 2133 25 2098 2007 2115 0.
CTRIA3 2134 25 2007 2020 2116 0.
CTRIA3 2135 25 2020 2033 2117 0
CTRIA3 2136 25 2033 2046 2118 0
CTRIA3 2137 25 2046 2059 2119 0
CTRIA3 2138 25 2059 2072 2120 0
CTRIA3 2139 25 2072 2085 2121 0
CTRIA3 2140 25 2085 2098 2122 0
CTRIA3 2141 25 2115 2116 2007 0
CTRIA3 2142 25 2116 2117 2020 0
CTRIA3 2143 25 2117 2118 2033 0
CTRIA3 2144 25 2118 2119 2046 0
CTRIA3 2145 25 2119 2120 2059 0
CTRIA3 2146 25 2120 2121 2072 0
CTRIA3 2147 25 2121 2122 2085 0
CTRIA3 2148 25 2122 2115 2098 0
CTRIA3 2149 25 2115 2116 2106 0
CTRIA3 2150 25 2116 2117 2106 0
CTRIA3 2151 25 2117 2118 2106 0
CTRIA3 2152 25 2118 2119 2106 0
CTRIA3 2153 25 2119 2120 2106 0
CTRIA3 2154 25 2120 2121 2106 0
CTRIA3 2155 25 2121 2122 2106 0
CTRIA3 2156 25 2122 2115 2106 0
$ START RFL SUPPORT BRACKETS
CBAR 2157,27, 265, 485,266
CBAR 2158,27, 266, 486,267
CBAR 2159,27, 267, 487,268
CBAR 2160,27, 268, 488,265
CBAR 2161,28, 267, 488,485
CBAR 2162,28, 268, 487,486
CBAR 2163,28, 265, 486,487
CBAR 2164,28, 266, 485,488
CBAR 2165,28, 265, 488,487
CBAR 2166,28, 266, 487,488
CBAR 2167,29, 485, 488,487
CBAR 2168,29, 486, 487,488
$ 1/4" DIAM BOLTS WHICH CONNECT RFL; BASE PLATE TO SUPPORT STRUCTURE















































488, 2, 2108, 2
488, 3, 2108, 3
488, 4, 2108, 4
488, 5, 2108, 5
488, 6, 2108, 6
485, I, 2110, 1
485, 2, 2110, 2
485, 3, 2110, 3
485, 4, 2110, 4
485, 5, 2110, 5
485, 6, 2110, 6
486, I, 2112, I
486, 2, 2112, 2
486, 3, 2112, 3
486, 4, 2112, 4
486, 5, 2112, 5
486, 6, 2112, 6
487, i, 2114, 1
487, 2, 2114, 2
487, 3, 2114, 3
487, 4, 2114, 4
487, 5, 2114, 5
487, 6, 2114, 6
$ START JOINT LUMPED MASSES
CONM2 3289 262 0 .00142
+EA 2011 0. 0. 0. 0.
CONM2 3290 264 0 .00142
+EA 2012 0. 0. 0. 0.
CONM2 3291 265 0 .00123
+EA 2013 0. 0. 0. 0.
CONM2 3292 267 0 .00142
+EA 2014 O. 0. 0. 0.
CONM2 3293 261 0 .00160
+EA 2015 0. 0. O. 0.

























































































+EA 2016 0. 0. O. 0.
CONM2 3295 266 0 .00142
+EA 2017 0. 0. 0. 0.
CONM2 3296 268 0 .00160
+EA 2018 0. 0. 0. 0.
$ LUMP MASS AT RIB TIP
CONM2 3501, 2001, 3, 2.59E-04
CONM2 3502, 2014, 3, 2.59E-04
CONM2 3503, 2027, 3, 2.59E-04
CONM2 3504, 2040, 3, 2.59E-04
CONM2 3505, 2053, 3, 2.59E-04
CONM2 3506, 2066, 3, 2.59E-04
CONM2 3507, 2079, 3, 2.59E-04
CONM2 3508, 2092, 3, 2.59E-04
$ MIRROR LUMP MASS
CONM2, 3510, 2106, 3, .049223, 0., 0., 0.
• 6.795, , 6.795, , , 13.591
$ TRUSS MAT1 CARDS
MAT1, I, I.E+07, , .333, 2.19E-04, 0.
MAT1, 2, I.E+07, , .333, 2.23E-04, 0.
MAT1, 4, I.E+07, , .333, 0.
$















PBAR, I, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, O.
PBAR, 2, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, 0.
PBAR, 3, 2, .11660, 4.20E-03, 4.20E-03, 8.40E-03, 0.
$
PBAR, 12, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, 0.
PBAR, 13, 2, .11660, 4.20E-03, 4.20E-03, 8.40E-03, O.
$ REFLECTOR PID CARDS














































$ VERTICAL MEMBER OF SUPPORT STRUCTURE
PBAR, 27,16, .4418 ,1.55E-02 ,1.55E-02 , 3.1E-02 , 0.
$
$ IXlX5/16" AL ANGLE CROSS MEMBERS
PBAR, 28,16, 0.339, 3.E-02 ,3.E-02 , .00439, 0.
$
$ IXII/4X1/4" AL ANGLE THAT SUPPORTS BASE PLATE
PBAR, 29,16, .5 ,3.97E-02 ,7.10E-02 , .1107 , 0.
$
$ COMPRESSION MEMBERS BETWEEN HUB AND SENSOR PLATE
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Table 2. Static Test Matrix for Inclined and Horizontal Positions of Reflector
Load range, Increment,
Load cycle Load location Ib lb
1 All rib tips 0 to 2 0.5
2 Rib tips 5 and 7 0 to 1.5 0.5
3 All plate ends 0 to 24 3.0
Plate ends I and 3 0 to 24 3.0
28
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1 8 10 161; Rib
1; Rib 3 6






2; Rib 1 13 36 17
2; Rib 3 13 22 7
2; Rib 5 5 12 6
3 20 16
Horizontal position
3; Plate ends 2 14 12
1, 3, 5, and 7
4; Plate ends 2 8 9
1 and 3
2 19 174; Plate ends
5 and 7
Table 4. Analytical Natural Frequencies for Reflector
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Figure 3. Side and top views of reflector. All linear dimensions are in inches.
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Figure 6. Side and top views of reflector in inclincd position. All linear dimcnsions are in inches.
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Figure 8. Composite pane] cross-sectional element.
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O Large-displacements nonlinear analysis input rib geometry
A Small-displacements nonlinear analysis prestressed rib geometry
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Figure 13. Load application and displacement measurement setup.
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(b) Load cycle 2: asymmetric loading of ribs.




Load at l[ _ _ 0 Test
plate ends, I" O¢:_"_j D Large-displacements
Ib I" j._v-- nonlinear analysis
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"_' [ _ nonlinear analysis
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Plate-end deflection, in.
(a) Load cycle 3: symmetric loading of plate ends.
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nds 5 and 7
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plate ends, nonlinear analysis
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10I (loaded) _/ nonlinear analysis
0.2 -.1 0 .1
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(b) Load cycle 4: asymmetric Ioading of plate ends.
Figure 15. Symmetric and asymmetric loading of plate ends. Horizontal position.
]itJ
(a) Mode 1; 2.54 Hz.
I
J
(b) Mode 2; 3.063 Hz.
Figure 16. Large-displacements analysis.
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(e) Mode 5; 3.301 Hz.
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(i) Mode 9; 5.447 Hz.






































Figure 17. Vertical frequency-response function for rib 2.
i
=
!
48
il li
